Lactobacillus acidophilus R-26, which requires preformed deoxyriboside for its growth, is able to grow in a basal medium supplemented with nitrophenyl esters of thymidine 3'-and 5'-phosphates. Mutants unable to grow on the thymidine phosphate esters were isolated and classified thus far into two classes.
Lactobacillus acidophilus, strain R-26, requires preformed deoxyribosides for growth (1) . Inasmuch as its growth on oligodeoxyribonucleotides reaches a level proportional to their stoichiometric deoxyribonucleoside content (see for example ref. 2) , the senior author embarked some years ago on a study of the nucleases of this organism with a view of ultimately obtaining selectively modified mutant enzymes. A hydrolase liberating 3'-mononucleotides was first recognized in the wildtype strain with the help of Dr. H. G. Khorana. In later studies (3, 4) , this proved to be an exonuclease hydrolyzing oligonucleotides of both the ribose and deoxyribose series, but not polynucleotides. A second exonuclease that liberates 5'-nucleotide units from deoxyribonucleotide esters and polynucleotides, including DNA and oligoribonucleotides, was identified and purified from Lactobacillus cultures by Sabatini and Hotchkiss (5) .
Nomenclature and abbreviations: The symbol 4 represents the para-nitrophenyl group. Exonucleases are referred to as 3'-(or 5'-)exonucleases in indication of the specific release of 3'-(or 5'-)mononucleotides from diesters or olignonucleotides. MIutants are designated by a serial isolation number, and if cell extracts show demonstrably altered exonuclease activity, by the tentative genetic designations exo3 or exo5 followed by the isolation number, the general class type being exo -. * This is the first paper of a series on: "Lactobacillus exonuclease mutants". Deoxyriboside-less death, also reported by others (6, 7), defeated our earliest attempts (Hotchkiss, Sabatini, and Gabor, unpublished observations) to recover by mass selection mutant strains able, or unable, to hydrolyze and use specific deoxyribonucleosides and oligonucleotides for growth. The present paper describes the isolation by a modified approach of several mutants having altered ability to utilize various deoxyribonucleoside derivatives. Also reported are the specifically altered growth patterns observed for the mutants. The growth of wild-type strain R-26 in LF medium is limited to a similar extent by the quantities of thymidine, thymidine-5-phosphate, and d-TpTp at concentrations below about 2 X 10-6 AI (Fig. 1) . The growth response to these compounds and other simple dinueleotides is essentially linear at low concentrations. Of interest in connection with growth physiology are the results with the esters, Tpo and 4pT; these indicator substrates are hydrolyzed to nitrophenol and mononucleotide, so far as is known, each by a single exonuclease, the "3'-exonuclease" (3) and the "5'-exonuclease" (5), respectively. It will be seen in Fig. 1 that these substances support growth of L. acidophilus strain R-26 at lower efficiency than simple nucleotides, and that the dependence of growth upon substrate concentration is second order or more complex. In the presence of an excess of either of these substances, however, the growth rate is normal and proceeds to the maximum supported by the other components of the medium (Fig. 2) . Of about 30 strains with confirmed growth restriction, about one-third showed modified exonuclease activity in cell extracts. These are designated as exo strains in Table 1 . Also represented are two-step mutants, exo3-02-24 and exo3,5-18, selected for limited growth on OpT from mutagenized exo3-02 (already unable to grow on Tp4o.
MATERIALS AND METHODS

Microbiological
As it can be seen, the strains characterized as exo3 grew as well as wild type on a variety of nucleosides and mono-and dinucleotides, with the outstanding exception of Tp40. This is the substrate on which they were selected for defective growth. Cell extracts from these strains also show markedly reduced ability to hydrolyze this substrate (Table 1, lower part) .
Similarly, two exo5 isolates show principally the expected reduction in their ability to grow upon, and hydrolyze, the selective substrate, OpT. The double mutant exo3,5-18 shows the same change relative to its first-step parent, exo3-02.
The growth patterns of one of these mutants, exo3-02, upon various substrates are presented in Fig. 3 . Comparison to Fig. 1 reveals that the mutant shows little change in growth behavior Growth was measured as absorption at 650 nm, normalized to that given by dT at 2 ALM. The nucleotides were supplied at 2 JAAI concentration (nucleotide equivalents) to cultures in LF medium, with the exception of TpO (4 MM) and 4pT (5 relative to wild type, other than a total inability to grow on the selective substrate Tp4.
Mutants with altered growth response Also given in Table 1 are data for three strains whose extracts show normal, or only slightly reduced, exonuclease activities, and a fourth, exo3-02-24, not reduced in activity for 4OpT, the second of two substrates on which it was selected for low growth. Of these, strains 14, 29 and exo3-02-24 show generally reduced ability to grow in limiting concentrations of several nucleotides-thus, the last two strains did not grow well on dinucleotides nor nitrophenyl esters. Strain 14 did not grow in dinucleotides but could use the "unselective" nitro- Thus, in these four mutants (and probably in a number of others not fully investigated), which did not show marked change of exonuclease activity, the altered growth pattern was manifested in reduced growth upon other substrates besides the ones upon which they had been selected.
DISCUSSION
It has proven possible to select a number of Lactobacillus mutants showing both an altered ability to grow upon, and in cell extracts to hydrolyze, one of two specific exonuclease substrates used normally by the wild-type strain. In this way were obtained strains showing reduced ability to hydrolyze the nitrophenyl esters of thymidine 3'-and 5'-phosphates, which so far as is known are only split by the respective 3'-and 5'-exonucleases. It appears that these exonucleases are able to play a part then, in the utilization of certain nucleotide diesters for growth. Nevertheless, the mentioned restricted growth of the wild strain on larger oligonucleotides and UpOn mononucleotide methyl esters are in keeping with the known properties of the purified 3'-exonuclease (3, 4), and not in harmony at least with the relative size-independence of the 5'-exonuclease (5) .
It is clear from study of cell extracts that the mutant strains have been altered with respect to either the synthesis, or the specificities, of these exonucleases. The latter possibility, a primary purpose of this investigation, is being followed up in these strains with the small group of defined substrates currently available. It is our hope to find some mutants with exonucleases specifically selective in the liberation of particular nucleotide residues. For this purpose, it is not of great consequence whether nitrosoguanidine has induced single or multiple mutations, but at wild strain when growing on either of the nitrophenyl esters ( Fig. 1) . It is of interest that the mutant strains showing reduced growth on several nucleotides seem to have about normal levels of exonuclease activities.
